1.
It thesis. However, as exogenous purines also are incorporated into DNA and RNA in growing cell, it is equivocal that added purines indicate the flavinogenic effects through any pathways in the cells. On the other hand, it is quite possible as seen in the previous paper (6) that exogenous purines do not contribute to DNA and RNA synthesis in non-growing cell. Thus, exogenous purines added in non-growing cell medium should provide more direct contribution to the biosynthesis of riboflavin.
As seen in Fig. 1 , the addition of purines to non-growing cell medium, being different from the case of growing cells, brought about the simple and parallel curves of riboflavin production with the incubation time.
These results indicate that riboflavin formation proceeds through a constant and stable pathway in non growing cell. Furthermore, it can be clearly seen from this figure that the most active stimulant for flavinogenesis is xanthine during all phases of this incubation, followed by gua nine, hypoxanthine and adenine. In this con nection, it is interesting to note that adenine has been observed to inhibit riboflavin formation partially in E. ashbyii grown on a completely defined medium (16) and a semi-defined medium containing peptone (17).
2. Conversion of Purines in the Incuba tion Medium of Non-growing Cell Although it was found that the most stimu latory purine is xanthine also in the non-growing cell experiment, this raised the problem of whether xanthine exhibits the high flavinogene sis because it is converted most rapidly to other more flavinogenic purine derivatives, or it passes most effectively through the membrane of this mycelia.
In this section, then, by determining succes sively the UV light absorption spectrum of different exogenous purines in non-growing cell incubations, it was examined whether purines added to the medium were transferred to other purine derivatives. Fig. 2 indicates that, after the addition of adenine, changes of the absorption maximum of the medium were detected gradually for 0-3 hours after the incubation and markedly for The concentration of various purines at 0hr was 0.5mM respectively.
The same sampling methods as Fig. 1 follow that of hypoxanthine after 6hr, because adenine seems to have been fully converted to hypoxanthine at 6hr.
In conclusion, there were no marked diffe rences in their permeabilities during the incuba tion, although interesting absorption curves of added purines were commonly obtained.
Accordingly, the conclusion appears to be that the stimulatory effect of xanthine on fla vinogenesis was attributed neither to the effec tiveness of permeability nor probably to the conversion to other specific stimulatory purine derivatives because of its lack of changes in the medium.
The Conversion of Adenine to Hypo xanthine and of Hypoxanthine to Xanthine during Non-growing
Cell Incubation Experiments were done to elucidate the conversion of adenine to hypoxanthine and hy poxanthine to xanthine as detected.
The medium obtained at 12hr after the adenine addition at 0.5mM was adsorbed on charcoal and the residues after elution and evaporation were dissolved in 10ml water. This solution thereafter was loaded on to the column of Dowex-50W (H+) and separated by a step- IN On the other hand, paper chromatography of the hypoxanthine fraction was done using five solvent systems and their RF values well were found to correspond to those of authentic compound. Moreover, the eluting position of this fraction from Dowex-50 column also was coincident with that of authentic sample. Accordingly, it was shown definitively that adenine begins to be converted to hypoxanthine after incubation of non-growing cells for 3hr.
Next, it was examined by the method described below whether this conversion was carried out inside or outside the cells.
Non-growing cell medium containing 0.5mM adenine was divided into two parts at 3 hr after the start of the incubation. One, contain ing no mycelia, was obtained by filtration of the medium through filter paper, and another was kept without filtration. Both media were continuously incubated under the same conditions for 2 further hours. During this incubation, UV light absorption spectra of their supernatant obtained by withdrawing a part of their mixtures at 0.5, 1 and 2hr respectively were determined. The results obtained indicated that no changes were detected in the filtered medium, in spite of the fact that spectral changes of adenine to hypoxanthine were observed in the medium containing mycelia.
The same experiments as those done at 3 hr were carried out also at 4.5hr after the incubation but no conversions of adenine to hypoxanthine were observed in the medium not containing mycelia.
Accordingly, it is concluded that exogenous adenine is not converted to hypoxanthine in the medium by an enzyme excreted outside the cells but that exogenous adenine enters into the cells and is then excreted outside the cells as hypoxanthine formed in the cells.
Next, to elucidate the conversion of hy poxanthine to xanthine, experiments similar to the above ones were carried out, except that Florisil column was used before the Dowex-50 column treatment.
At 24hr after the addition of hypoxan thine at 0.5mM, at which time the conversion of hypoxanthine to xanthine appears to be active, the non-growing cell medium was run through the Florisil column after charcoal treat ment.
In this column chromatography, purine derivatives were eluted by water but flavins and other fluorescent compounds were adsorbed on the upper layer of the column. Thus, the frac tion eluted by water contained no flavins. Fur thermore, thus obtained purine fraction was concentrated and applied to the Dowex-50 column, followed by the elution of water and 1N HCl.
Thus, the peak detected in the water eluting fraction was identified to be xanthine by (I) the characteristic UV light absorption spectra as seen in the upper right corner of Fig. 5, (II Accordingly, it is evident that the two peaks which were found at 24hr by the addition of hypoxanthine are xanthine and hypoxanthine, appearing in this order on the chroma togram. This result indicates that the conversion of hypo xanthine to xanthine is only taking place after 12 hours of incubation of the non-growing cells, because no changes of the spectrum were detected up till 12hr in the case of hypo xanthine addition of Fig. 2 . But, even at 24hr some of the added hypoxanthine had not been converted into xan thine. Fig. 2 and 4 . Furthermore, at 24hr incubation, the fluctua tion of only the adenosine pool was observed by the addition of adenine and hypoxanthine.
Effects of Exogenous Purines on the Endogenous
On the other hand, riboflavin production indicated 43.7% inhibition by the adenine addi tion and 11.3% stimulation by the hypoxan thine addition against the values of the control at 24hr incubation.
Next, effects of guanine and xanthine on the endogenous purine pools were examined using the above method.
As you can see from Fig. 7 , purine and nucleoside pools were detectable but very small during the incubation. However, the addition of guanine brought about a large accumulation of endogenous guanine at 12 hr, while the addition of xanthine gave quite similar elution patterns to those of the control, except the B2X fraction, being the mixtures of riboflavin and xanthine.
These results show that exogenous xanthine is not converted to any other purines after the incorporation into the cells.
Furthermore, at 24hr incubation, the same patterns as those obtained at 12hr were observed, although there was a slight decrease of their pools. It was found from above results that the addition of guanine brings about a large guanine pool in the cells. This fact means that the guanine phosphoribosyltransf erase (EC 2.4.2.8) which catalyzed the conversion of guanine to guanosine monophosphate, is rigidly regulated by feed back inhibition by the product.
In this experiment, riboflavin production was stimulated 26.3% and 27.6% by the addi tion of guanine and xanthine respectively at 24 hr of the incubation.
Fluctuation of Exogenous Purines in Non-growing
Cell Medium at 24hr of In cubation It was further examined in non-growing cell medium at 24hr using the Dowex-50 column whether added purines were converted into other purines in the medium, or whether any kinds of purines were excreted out of the cells.
The elution systems of this column are identical with those of the previous sections. The media at 24hr incubation were adsorbed on charcoal, eluted and evaporated. The samples thus obtained were diluted to 10ml with water. On the other hand, after well with the measurements obtained inside and outside the cells during non-growing cell incuba tion.
Dynamic Changes of the Water Frac tion on the Dowex-50
Column Chromato gram in the Presence of Guanine and Xan thine during Non-growing Cell Incubation Nucleotides were eluted with water as the unadsorbate with riboflavin and xanthine in this column system. However, they were differen tiated in three fractions on the chromatogram as seen in Fig. 9 . It is interesting to note that the third nucleotide fraction, which is exhibited by black shadow in Fig. 9 , fluctuates noticeably with the addition of purines, especially guanine and xanthine, in spite of the fact that the first and second nucleotide fractions scarcely fluctuate during the whole incubation period.
The first curve of Fig. 9 indicates that 1 day cultural mycelium contains a large amount of the third nucleotides. But, by starving the cells for 8hr before the incubation, the third nucleotide pool begins to decrease and, at 6hr, the pool of them is minimal.
Thereafter, on the contrary, the pool begins to increase and spondence may demonstrate that, after 6 hr, the endogenous purine pools which were filled up to their maximum size begin to be exhausted for synthesis of nucleotides through the salvage pathway of purines via xanthine. Thus exogenous purines enter again rapidly into cell to complement the endogenous purine pools.
Another pathway to supply the endo genous purine pools is thought to be the degradative pathway of DNA and RNA, especially RNA, because the third nucleo tide fraction of control at 12hr also increases in spite of the fact that the de novo synthesis of purine nucleotides is not involved in this system. Accordingly, it is possible to consider that a large amount of precursors of flavinogenesis is supplied from RNA under nor mal conditions. EIG. purines on flavinogenesis have been explained to be exerted by conversion to the more flavino genic xanthine after the addition of them (4, 21) , xanthine has not been clearly detected so far inside and outside the cell of E. ashbyii. Accordingly, experimenters in this field explain ed the above result as follows: Although other purines are converted to xanthine, it is promptly utilized for riboflavin formation and thus its existence is not detected. However, the existence of xanthine was definitely detected in the non-growing cell ex periments described above.
Accordingly, this fact strongly supports the above suggestion con cerning the purine metabolism in relation to the riboflavin biosynthesis.
In this section, more detailed determinations of xanthine inside and outside cells were done as described below at 24hr of non-growing cell incubation.
The amounts of xanthine were calculated from the water eluting fraction ob tained from Florisil column, on which B2 and xanthine fraction eluted from the column of Dowex-50 were separated.
As you can see in Table 1 , the addition of hypoxanthine caused more accumulation of xan thine in "cell+medium" than the addition of adenine did. After the addition of xanthine or guanine, xanthine was found to have accumulated in "medium" at concentrations quite similar to Riboflavin and xanthine fraction on Dowex-50 column chromatograms of non-growing cell and medium incubated for 24hr was loaded on to a Florisil column to remove riboflavin and then, xanthine content was directly determined from the xanthine fraction eluted by water after adjusting the pH values to 7.0. those of "cell+medium". These data indicate that the conversions of adenine to hypoxanthine and hypoxanthine to xanthine occur as well as the conversion of guanine to xanthine, and that the xanthine thus formed appears to be promptly excreted into the medium at the later stages of the incubation. Moreover, it can also be seen from Table 1 that these large amounts of xanthine in "me dium" are not easily utilized even after 12 hr of the exponential phase of riboflavin produc tion. From this consideration, it is suggested that xanthine may not be directly converted to the pyrimidine derivative which is the imme diate precursor of riboflavin. Thus, the formed and accumulated compounds from xanthine, pro bably being nucleotides, may be transferred to a pyrimidine derivative.
DISCUSSION
It has been well established that purine is directly converted into the riboflavin molecule via the pyrimidine derivative after elimination of C(8) (1-5). However, adenine, guanine or xanthine have all been reported as the most stimulatory purine on riboflavin formation (1, (18) (19) (20) .
The experiment in this paper were per formed in order to find the order of stimulating activity of the purines on riboflavin formation using the experimental system of non-growing cell of E. ashbyii as developed in the previous paper (6) .
It was found that xanthine, structurally the molecule most closely related to riboflavin, is also the most stimulatory purine in non-growing cell experiments.
Then, the problem raised whether this effect can be attributed to its membrane transport activity or to its conversion to other flavinogenic purine derivatives. Howe ver, the results obtained indicate that the effect is not a result of the effectiveness of membrane transport.
On the other hand, in experiments that further followed the stimulatory effects of added purines, it was found that exogenous adenine is converted to hypoxanthine at earlier stages of flavinogenesis and at later stages to xanthine, while guanine is converted to xanthine at later stages of flavinogenesis. Thus, the stimulating effects of these purines on riboflavin production can be respectively explained by their conver sion to the most flavinogenic purine, xanthine, as suggested by Brown et al. (21) . Furthermore, at this time, it may be assumed that these purines bring about an expansion of nucleotide pool through the salvage pathway via xanthine, thus funnelling an increased nucleotide pool into the riboflavin biosynthetic pathway.
Another point of interest is that exogenous purines rapidly entered into the endogenous purine pools which were exhausted by starva tion of the cells. However, the endogenous purine pool at this stage appeared not to be used immediately for the synthesis of nucleotide because the first plateau regions were observed promptly after 3hr, which may indicate the maximum of the endogenous purine pools. Moreover, these results may indicate that endo genous purines are difficult to convert to nucleo tides even when present at high concentrations in the medium until corresponding nucleotides are exhausted to a certain extent.
However, after 6hr when nucleotide synthesis rate seems likely to be high, the endogenous purine pools appear to be exhausted through the salvage pathway via xanthine and thus exogenous purine is thought to be noticeably absorbed again into cell to complement the endogenous purine pools. After 12hr, thus accumulated nucleotide pools, especially consisting of AMP and GMP, appear to be utilized for the exponential riboflavin synthesis.
You can see from above considerations that there seems to exist a special ingenious regula tion mechanism between purine pools and nucleotide pools. At this time, one can expect quite possibly that their regulation system is a feed-back inhibition by the nucleotides related to respective purines as pointed out by Berlin et al. (22) .
Furthermore, as a whole, the purine pool has untill now been considered markedly expan dable and independent of nucleotide pool (23, 24) . But the results obtained in these experi ments indicate that the endogenous purine pools appear to have a constant size as particularly FIG. 10 Relation of purine and nucleotide pools to riboflavin synthesis in E. ashbyii
The width of arrow mark shows the rapidity of the stream. Wide black arrows indicate the direc tion of purine interconversions in non-growing cell of E. ashbyii which was elucidated in this paper. Riboflavin biosynthetic pathway was demonstrated via GMP mainly through the salvage pathway of xanthine.
A: adenine, H: hypoxanthine, X: xan thine, G: guanine, B2: riboflavin, AMP, IMP, XMP and GMP: adenosine, inosine, xanthosine and guano sine monophosphates. seen in the guanine pool of Fig. 6 . On the other hand, it was found that nucleotide pools like AMP pool and GMP pool are markedly affected by exogenous purines.
Under these conditions, the riboflavin biosyn thesis is carried out at a constant rate, accord ing to a sigmoidal curve, without the stepwise behavior detected in the exogenous purine absorption curve. On the other hand, from the above results, purine pools and nucleotide pools with their flexible nature seem to extend to their own maximum sizes in the course of incubation.
Accordingly, it is suggested that there may be some unexpected regulation at some stages before and after the rupture of imidazole ring of the nucleotide if the riboflavin biosynthesis proceeds through one of the nucleo tides.
However, this problem may not be resolved untill the riboflavin biosynthetic path way is elucidated in more details in future.
In conclusion, riboflavin biosynthetic path ways from various purines to riboflavin as pictured in Fig. 10 were based on the results obtained in this paper.
